To estimate the change in survival rates of women with ovarian cancer during the past 14 years.
O
varian cancer is the leading cause of mortality from gynecologic cancers in the United States, resulting in approximately 14,500 deaths annually. 1 With an incidence of 26,600 cases per year, ovarian carcinoma will develop in one in 55 women in their lifetime. Despite good initial responses to surgery followed by chemotherapy, 75% of women ultimately die of complications associated with disease progression. 2, 3 During the past several decades, the practice of surgical staging and tumor debulking has had a significant effect on the survival of these patients. 2, 4 Furthermore, platinum-based regimens have played an essential role in advancing the treatment of ovarian malignancies. 2 Conventional survival estimates are often outdated and overly pessimistic because they refer to cohorts of patients diagnosed many years ago. 5, 6 In fact, some report survival rates of only 5-17% for advanced stage disease. 2 However, results from clinical trials often claim higher survival rates of up to 48% and may not translate to the general population due to potential patient selection and surveillance biases. 7 To address this, we performed a large population-based study to estimate change in survival across time for women with ovarian cancer. More specifically, we propose to identify the demographic and clinicopathologic factors associated with treatment advances and uncover those that require further investigation.
cancer during the period from 1988 through 2001 were extracted with permission from the Surveillance, Epidemiology and End Results (SEER) program of the United States National Cancer Institute. These data are representative of approximately 14% of the U.S. population and are reported from 12 populationbased registries, including San Francisco-Oakland, Connecticut, metropolitan Detroit, Hawaii, Iowa, New Mexico, Seattle (Puget Sound), Utah, metropolitan Atlanta, Alaska, San Jose-Monterey, and Los Angeles. 8 A total of 30,260 women were diagnosed with ovarian carcinoma after primary surgery. Fourteen patients with ovarian choriocarcinoma were excluded because of the small group size. The remaining 30,246 women were divided into three time intervals : 1988 -1992, 1993-1997, and 1998 -2001 . These three intervals were chosen to provide three groups with a comparable number of patients and a similar span of years in each group. Factors including age at diagnosis, race, marital status, stage, tumor histology, grade of disease, type of surgery, and disease-specific survival were extracted.
Age was classified into younger than 50 years and 50 years or older as an arbitrary estimate of menopausal status. Race was classified into four groups, including whites, African Americans, Asians, and others. Asians included women of Chinese, Japanese, Filipino, Korean, and Vietnamese descent. Surgery was classified as surgery without hysterectomy and standard surgery. Standard surgery included women who underwent hysterectomy, debulking surgery, or exenteration. The public-use SEER data does not include information on surgeon specialty, extent of residual disease, chemotherapy, prior hysterectomy, or surgery beyond the primary procedure. Histologic cell types were categorized into non-clear cell epithelial (nϭ26,753), clear cell tumors (nϭ1,411), sarcomas (nϭ818), germ cell (nϭ778), and sex-cord stromal tumors (nϭ486).
Pearson's 2 tests were performed to analyze distributions in the study cohort across the three periods. 9 Because follow-up data from the third interval, 1998 -2001, have not yet matured to yield 5-year survival estimates, Kaplan-Meier analyses for 5-year survival rates were performed on the 1988 -1992 and 1993-1997 intervals and compared using log rank tests. 10, 11 The outcome of interest was death from ovarian cancer as determined by the underlying cause of death on the death certificate. Thus, time to death was censored in women who died from causes other than ovarian cancer and who were alive at last follow-up. Cox proportional hazards were used for multivariable analyses.
12 Two-tailed tests at P values less than .05 were considered significant. All data were analyzed using Intercooled STATA 8. 
001).
Although there was no change in the proportion of advanced stage III-IV patients across time, there was a significant increase in the proportion of patients presenting with stage III disease, from 26.7% to 34.9% to 42.9%, with a concomitant decrease in the proportion of stage IV disease over the study period (PϽ.001).
During the 5-year intervals 1988 -1992 and 1993-1997, women diagnosed with ovarian carcinoma had an improvement in 5-year survival rate from 45.4% to 48.6% (PϽ.001) (Fig. 1 ). After dividing our study population into early (stage I-II) and advanced (stage III-IV) stage disease, women with early stage cancers did not benefit from an improvement in 5-year survival rate across time (82.7% to 84.0%; Pϭ.51), whereas those with advanced stage cancers had a significantly increased 5-year survival rate, from 25.4% to 29.4%, (PϽ.001; Table 2 ). When analyzed by histologic cell type, those with non-clear cell epithelial ovarian tumors had a significantly improved survival rate from 42.5% to 45.8%, (PϽ.001).
Patients with sarcomas showed a nonsignificant in-crease in disease-specific survival rate (33.5% to 38.8%, Pϭ.07). Patients with germ cell tumors showed a similar although nonsignificant increase in survival rate (91.9% to 94.7%, Pϭ.17). However, patients with clear cell and sex cord stromal tumors of the ovary did not show improvement across time (Pϭ.82 and P ϭ.18, respectively; Table 3 ).
Age at diagnosis was a significant prognostic factor in survival in our study group. When analyzed across the study periods, women with ovarian cancer and aged younger than 50 years had a 5-year survival rate of 70.5% compared with 40.6% in those aged 50 years or older (PϽ.001). The significance of age persisted after controlling for stage and cell type. We also analyzed survival rates of the younger and older cohorts across time to estimate survival in each group of patients to see whether each has benefited from the improvement found in our study. Between 1988 and 1997, women aged 50 years or older had an increased 5-year survival rate from 37.5% to 41.5% (PϽ.001). On the other hand, patients aged younger than 50 years did not show any survival benefit (70.6% compared with 69.9%, Pϭ.16; Table 2 , Fig. 2 ).
When survival of ovarian cancer was stratified by race, whites had a significantly improved survival across the two periods, with 5-year survival rates increasing from 45.0% to 47.8%, (PϽ.001; Table 2 ). Improvements in 5-year survival rates of similar magnitude were noted for African Americans and Asians; however, they did not reach statistical signif- icance (Pϭ.36 and Pϭ.12). It should ne noted that when survival was analyzed across the entire study period, African Americans had the lowest overall 5-year survival rate at 46.6%, whereas Asians had the highest survival rate at 58.5% (PϽ.001). In a subanalysis, we found that a higher proportion of Asians were diagnosed at younger ages (age of diagnosis younger than 50 years; 34.0% compared with 20.9% compared with 27.1%; PϽ.001) and with earlier stage (stage I-II; 43.6% compared with 31.7% compared with 30.0%; PϽ.001) compared with whites and African Americans, respectively.
Patients with stage III and IV disease who received standard surgery had significantly higher 5-year disease-specific survival rates compared with those who received surgery without hysterectomy. Of the advanced stage patients, those who underwent debulking surgery had a median survival advantage of 8 months over those who had surgery without hysterectomy (PϽ.001). The 5-year survival rates of those who received standard surgery and surgery without hysterectomy were 32.5% and 27.7%, respectively (PϽ.001). Across time, women with advanced stage disease benefited from the standard surgery with an improved 5-year survival rate from 30.1% to 34.3% (PϽ.001).
In multivariable analysis, younger age (PϽ.001), earlier stage (stage I compared with II compared with III compared with IV, PϽ.001), low grade of disease (grade 1, PϽ.001), favorable histologic cell types (germ cell, PϽ.001), standard surgery (PϽ.001), and recent time interval (year of diagnosis from 1993-1997, Pϭ.002) remained as independent prognostic factors for improved survival (Table 4) .
DISCUSSION
Because previous reports on ovarian cancer survival estimates were based on patients diagnosed many years ago, they report dismal 5-year survival rates at only 15-20% for stage III and IV disease. 5, 6 These outdated and overly pessimistic estimates are in contrast to the more up-to-date and encouraging results from this current study. This population-based study detected a significant increase in 5-year survival in advanced stage disease during a 10-year period. Similarly, studies from Barnholtz-Sloan et al 13 and others 14, 15 reported that women with distant ovarian disease have an improved 5-year survival rate from 17% to 27%. However, many of these reports were limited by the lack of International Federation of Gynecology and Obstetrics staging and histologic information. This current study is one of the largest population-based studies that consist exclusively of patients with detailed histologic and surgical information.
Despite the progress in treatment of advanced ovarian cancers during the last 10 years, we have not improved the survival of young patients. The authors recognize that germ cell tumors of the ovary occur mainly in girls and young women with ages ranging from 6 -40 years depending upon histologic cell type. 16 Furthermore, the vast majority of these patients will survive after surgical staging and adjuvant chemotherapy. 17 As such, it may be difficult to detect a survival improvement in these young patients given that these patients have excellent survivals from their germ cell cancers. However, the lack of survival improvement in young women may only be partially explained by the higher proportion of germ cell tumors compared with the older cohorts. Some studies have found that a number of these young patients with early-stage but poor prognostic ovarian cancers do not undergo adjuvant chemotherapy. Cress et al 18 studied 2,150 women with ovarian cancer and found that approximately 20% of patients younger than 55 years with stage IC and II ovarian cancer did not receive chemotherapy. However, the likelihood of receiving chemotherapy was significantly increased if a gynecologic oncologist was involved in the patient's care.
With respect to the surgical treatment of ovarian cancer, there was an increase in the proportion of standard surgery performed across time. These findings may likely reflect an improved understanding of the ovarian cancer disease process and the importance of tumor debulking surgery in the primary treatment. Bristow et al 19 showed that maximal cytoreduction was one of the most powerful determinants of survival among patients with stage III or IV ovarian cancer. These authors also advocated that consistent referral of patients with advanced ovarian cancer to expert centers for primary surgery may improve the overall survival of ovarian cancer patients. Clearly, the improvement in survival across time may also be attributed to the advances in chemotherapy and cancer supportive care.
During the 10-year period, we found an improvement in the survival of women with surgically staged III and IV disease but not in those with early stage disease. On the other hand, Barnholtz-Sloan et al 13 showed a relative survival improvement across time in patients with both localized and regional disease. This current report included analysis based on the more commonly used International Federation of Gynecology and Obstetrics staging for ovarian cancer. Moreover, we reported on an updated analysis on disease-specific survival rather than all-cause survival, with complete histology and surgery information. With more updated and detailed information, we found that the most important factor contributing to the improved survival of ovarian cancer patients seems to be associated with the enhanced survival of those with advanced stage cancers.
In our subanalysis of epithelial tumors, we found a lower 5-year survival rate in those with advanced 20 However, other studies have not found significant differences between clear cell and other epithelial cell types. 21 Our study showed that those with advanced stage clear cell cancers have significantly worse 5-year survival rates compared with other epithelial tumors (P ϭ.008). Although we were unable to demonstrate a statistically significant difference in the survival of those with sarcomas, there seems to be clinical improvement in the outcomes over the years (33.5% compared with 38.8%; P ϭ.07). Nevertheless, further investigations are required in these aggressive histologic cell types given the overall poor prognosis. Although younger age, earlier stage, lower grade, standard surgery, and favorable histologic cell types are all independent prognostic factors for improved survival in multivariate analysis, these favorable demographic and clinicopathologic prognostic factors do not entirely explain the improvement in survival across time. These findings most likely reflect the advances in chemotherapy and cancer supportive care over the years.
The strength of this study lies in the large number of patients, which offers the ability to perform detailed, stratified analyses without sacrificing statistical strength. However, these conclusions can potentially be misleading if there is an overreliance on interpreting the P values for each subgroup. Our analytic approach requires that smaller subgroups exhibit a much greater benefit than that experienced by their larger cohorts to attain statistical significance. For example, even though we showed a statistically nonsignificant ϩ5.3% survival rate improvement in the small subgroup of patients with ovarian sarcomas, this finding may still suggest a clinically meaningful improvement because the overall survival of sarcoma patients is so poor. On the other hand, we showed a ϩ3.3% statistical benefit in those with non-clear cell epithelial ovarian cancers. This improvement is relatively small and may not provide a notable clinical benefit given this dismal improvement and the overall poor outcome of advanced epithelial ovarian cancer patients. 
